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Description 

ZEOLITE L 

This invention relates to the preparation of zeolite L and Its use in • P^^^^^^ 

Zeollt L has been known for some time as an adsorbent, and In US-A-3 216 789 Is described as an 

aluminosilicate of the formula: 

?v5ie?e M^fn e«fangtfble i^^^ n and y If from o to 9) ''f '"Sf ,f ^^''^.^^ 

pattern. The preparation of zeolite L is described in US-A-3 216 789. EP-A-167755. EP-A-142355. EP.A-142347. 
EP-A-142349. EP-A-109199. PL-A-72149. US-A-3867512. and SU-548567. ^, , ^. 

EP-Ar96479 describes and claims zeoyte L having a characteristic morphology and size, which is partlculariy 
valuable for use as a catalyst base In hydrocarbon conversions such as aromatisatlon and comprising 
crystallites In the form of cylinders with a mean diameter of at least 0.1 micron, preferab^ at ^ast 0.5 micron 
EP 96479 describes a synthesis of zeolite L w/hlch Is conducted so that the amount of ttie contaminant 
zeolite W. which Is Itnow to grow in such a system as a competitive phase. Is minimised. A prefen-ed synthesis 
IS gel described In EP 96479 has the following mole ratios: 

"d it''i?'SS'^'h(W t^^^ may be varied by changing the molar amount of one component within the 
'following ranges: 

KjOs 2.4 - 3.0 moles 

AljOj: 0.6 - 1.3 moles 

Sio,: 8 - 12 moles 

23 2 

H-O; 120 - 240 moles 



^ EP-A-142353. EP-A-142354 and EP-A-185519 describe developments of this process for fomiing cylindrical 

^^Site L may be used as a catalyst base in aromatisatlon reactions. IJS 4 104 320 discloses 
dehydrocyclisation of aliphatic compounds in the presence of hydrogen using a «0"]P;5 "9 ^^'^^Jt 

and a group VIII metal. The particular zeolite disclosed In EP 96479 Is remartebly 
aromatteatlon reactions being capable of forming catalysts which have ^''^^^J^J 'f ^^^^^^^ 
oyclisation and/or aromatisatlon reactions and catalysts for use In such 'f^^.''Jlf^^°^^^^^^ 
EP.A-107389 EP-A-184451 EP-A-142351, EP-A-145289. EP-A-184450. US-A-4614834. GB-A-2116450. 
Ib A 2114150 US.aS)25 US.A-4^527. GB-A.2142648. GB-A-2106483. US-A-4443326. GB.A-2121427. 
gI^JI!^: S-tSXS US-Ari7306. US-A-4539304. US-A^SOS. US^-4547472. QB.A.2166972. 

US-A-4579B31. US-A-4608356 and EP-A-2C1856. . . « , ^ ^loiiin- m«»«tei 

The product recovered from the usual methods used to prepare zeo He L s afine sized ^^ys f^J^e material. 
Several of the uses as catalysts or molecular sieves require a product in a size ."-^^e «f «^«"tf ^ TmlnH 
the size of the product recovered from the preparation processes of the prior art. To meet this demand 
various binders are used in forming steps to prepare aggregates containing zeolite L as the prin^^^^^ 
ingredient such as pellets, extrudates. or tablets. These aggregates lose some o their ac ivlty Pe/ 
siSce the binder has a different and low activity and acts as a diluent of the molecular ^^^^J. ^^^^^^ 
conventionally-bound aggregates frequently do not have sufficient cnishing strengtfi. parhcularly when fliey 
3n the c^iSlrical zeolfte L crystallites as described In EP-A-96479. In ^<'^^\P^^Z^''Ti 
alumina as binder are susceptible to blocking of the zeolite pores, as a result of alumina migrajo"; » » 
therefore highly desirable to develop a method of preparing binderiess aggregates having a particle size 
suitable for catalyst or sieve systems and possessing good attrition resistance. ^ 

The prior art has developed processes of producing binderiess sieve aggregates from silica and alumina 
starting materials such as sillca-alumlna catalysts and clay. Unfortunately the P^*^*^^ P;°J"°f^^y ^nce 
processes, especially where clay is used as a starting material, generally have very poor attrition resistance 
and thus rapidly brealt during use into unsuitable powders which must be repteced. 

US-A-3 650 687 describes processes for the preparation of binderiess zeolite particles Including zeoHte L. in 
which an alumina silicate day Is slurried with an alkali silicate, spray dried to fomi P^^'^f^f J^^^T! 
finished size and then treated with an alkali and aged to convert th particles to ^.^'^hTi^ 
hydrated clay is slurried and spray dried to form particles, then calcined and reacted with the o^er 
cSponentsir.ece88arytoformazeolite.Thu8 zeolite IS only formed aftertheflnalpartlcte^^^^ 
Predictable fonnallbn of zeolite having optimum catalytic properties may be difficult under such 
circumstances. 



35 



40 



45 



so 



60 



2 



EP 0 323 892 A2 



Also spray drying can be used only to give small particles, typically of 100 1 400 microns, which are onW 
suSe foSzS beds whereas reactors usually need particle sizes f at least 0.8 mm. preferably at least 

GS'^3T4*?ttbesbind riess zeolite particles which may be ol zeolite L. and which are formed by 
p ? «i c^ush and r ^^^^^^^ repeatedly to pr duct, of the desired strength. This Is a time-consuming 
DTocedure which is costly and can damage the zeolite crystals. ,,,•»,* 

2^ro3K^«rpreparatton of z elite 3A and 4A binderiess particles '"various processes in wh^ch 
kaSJ. daveS sodbm hydroxide (In some eases with ze lite) are formed Into beads and then reacted with 
Serl^dSm hSoX to m zeolrte 4A (sodiumfomi) which is exchanged to torm zeolite 3A (potassium 
S ftTreaTs^aSd th^^^ formation of a potassium zeolite is not possible in this proce^ 

6B 2lS)5 7 describes the formation of so called pretomied zeolite particles, wiiich rmvbB Z^^ L 
partlcli prepared from a starting material, which may be a synthetic zeolite but must have a s ' ca/aU.m na 
SIo iSer ttan the product. The starting material is reacted with a silica material and an alkali to form the 
^dSofSiTXcSheTzeolite^^^ 

Necessarily more silica rich than the starting zeolite. This process has practical handling problems in treating 
''tSoTi^yslm^^^^^^^^^ 

or absKenTaSt^ or result in particles of inadequate strength to be suitable for handling In practical 
properttesManaromatisatlohcatalystifit^^^ 

fhe Dotesslum Ions by caesium Ions In the preparation of zeolite KL have not been very suocessf ul in the past 
as tSpresS^^e^SfcS^rJons favour 

meHSTn^poralng caesium in binder-free particles of the zeolite KL without any substantial fomiaton of 

''"AMwdina to this invention binder-free shaped particles of caesium containing zeolite KL are prepared by a 
or^Sw eSmwisS f^^^ mixture of shaped particles of silica-bound zeolite KL with an aqueous solution 
SSn^Kces of 3um. potassium and aluminium and obtaining the binder-free caeslum^:ontaln ng 
JS^Srtldis Swort^^^ Srystailisation of the mixture. In a modification of this process one can use the 
S jSs%"eome KL 'after they have been ground to finer particles of J-oa^bound zeolite KL. One 

^ilSr-L?^^^^^^^ 

undesirable loss of catalytic perfomiance and/or capacity. nluralitv of 

When used herein In reiatton to the invention the terms "binderiess* or •binder-tree refer to a Plu^iity ot 
indMdu7; oiL L So^^^^^ particles held together without the use of a -'a".'"""*";?^",^^ o"^^^^^^ 

^STeSSeTSaJlmgtlSri^ Is silica bound and this means that the binder is silica. The silica bound 
zeolite KL is usually derived from zeolite KL crystallites. -rrtrBrfiirea such as 

The zeolite L civstallites used as starting material may be prepared by any of the known P^cedures such as 
thSe dSSfbedTthe patents identified hereinbefore as relating to zeolite L preparatfon. However It Is Wgh^ 
DiXred S the zeolite L should be in a form having beneficial effects on the eatable performance of We 
SttrThe^llSnT^^^ateriai may be a zeolito comprising crystallites in the form of cylinders wtth a mean 
dS!Se!^?a?Sst arScron. p'refen^ly at least 0.1 micron, typically at least 0.5 micron, such as described 

'"S'1:'S5?KL is preferably an alumlnosilicate and will be described hereinafter in o^,,Je'ng an 
aiumfnoslScate though other elemental substitutions are possible, for example aluminium may be aubstttuted 
by^lCb5onTr?n and similar trivalent elements, and silicon may a^bstituted by ^-re"^^ 
gerSianlu,; or phosphonis. The alumlnosillcates preferably have a composition (expressed In terms of molar 
ratios of the constituent oxides In anhydrous fonn) of: 

15fe;eln'lKom 4° 0 zTThe zLe L preferably has high crystalllnity as shown by a well defined X-ray 

"tS^KTmirbX^^^^ with from 0 to 9 moles of water per mole of AlaOa. 

SmSS?hesiS bound zeolite KL. the zeolite KL crystals are thoroughly "[Jfl ^^^^ ff^^ 
preferTbTat a late^^^^^ 'n the mixing, methocel (hydroxypropyl methyl <=«""'?«rfH»^" * ^^^^^^^^ 
S^ry thick and smooth paste is obtained. The resulting paste usualj, can be ^' 

otherwise shaped. The shaped particles eg extrudates, can then be dried to remov residual water ana 

''1m"'3iedparticle8 f silica b und z elite KL are mixed with an aqueous solution containing sources «rf 

ca^lunote?£m iH. aluminium, preferably a caesk.m-contalning P^J-^;- ^^"7^^^^ 

solution should preferably have a mole ratio (expressed in tenns of the oxides) df K20/(K20 + CszO) of at 
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The overall synthesis mixture expressed as moles of oxide except tor caesium which is expressed as motes 
of CsX where X is halogen should preferably be: u r. 

250 to 3^ K2O/O.5 to 1.00 CsX/1.30 t 2.50 AlzOa/IO SiOz/HO to 170 H2O 
" how ver when CSOH.H2O is used the overall synthesis mixture is preferably: 
2 25 to 2.70 KsD/0.02& to 0.60 CsaO/LSO to 2.50 AlaOa/IO SiOa/IIO t 170 HzO 

The c^stainlation Is generally carried out In a sealed autoclave and thus at autogenous pr ssur . tUs 
generaSy inconvenient, aithoujh possible to employ Ngher pressures. Uwver pressure (and lower 

"ciSStiottiZrrS^^^^^^ 

at from 100°C to 200°C and at this temperature the crystallisation time may be from 15 to 96 hours, typica^hr 
from 48 to 72 hours, with shorter times being possible with higher temperatures and/or ^flher «^kaHn 
(KaO/SlOa). Lower temperatures may require much longer times and may also require adjustment of alkalinity 
to achieve good yiekl of the desired product, whereas times of less than 24 hours are possible when higher 

'Tftel^stain^ttk!?fhe shaped particles should be washed with successive portions of water ""til the pH of 
the last wash water Is between 9 and 10. e.g. about 9.5. The shaped particles should then be dried at a 
temperature of 130°C to 170°C, e.g. about 15 hours at ISCC. ,u , ^ .u.* 

X-ray diffraction (XRD) shows that the product of this invention consists of pure reollte I- and that *e 

20 crystSBrt? increase versus the silica bound shaped partteles of zeolite KL (the start ng matenal) is up to 300^ 
This XRD-crystallinity Increase Is somewhat lower than in a similar synthesis wherein no caesium is used and 
thi« It an Indication that the binder-free product contains caesium. 

K tt^tlCrSeS^^^ the fomi of crushed particles the final product is ^'f^^-^^^^^^^^ 
particulate product can be turned into shaped partteles by use of conventional bH^der techniques, by the 

SB Seriess process disclosed In the speciflcatton of our patent appiicatton QB 8704365 or by the present 

"Thai" been found that the binderiess zeolHe L particles prepared by the process of the In^ntion are 
excellent catalyst bases and may be used in conjunction with one or more catalytlcaliy-aotlve metds in a wlde 
Sriety of cataftic reactions. The particular morphology of the crystals appears to resu in ^^particular stable 
30 SWtorcataljicallyactlvemetalswithasurprlslngreslstancetometalcatalys^ 

have increased particle strength. In addition, they have displayed low acidity which makes them especially 
sS to catalytte appHcatlons where a low acid site strength Is advantageous such aromatisa^^^^^ 

The catalyticany-acttve metal(s) may be. for example, a Group VIII metal such P^^aJ^^. ^^J]" °' 
qe manium as described in US-A-4104320. or a combinatton of platinum and rhenium as descnbed in 
GB-A-2004764 or BE-A-888365. In the latter case, the catalyst "^V ^I'J^alS'ulliSeSl 
incorporate halogen as described in US-A^165276. silver as described in ^^^'f^.^'^Jf^^^^' 
cadmium as de«;ribed In US-A-4295960 and US-A-4231897 or sulphur as described 1" QB-A-ieO^. 

A partioulariy advantageous catalyst composition incorporates from 0.1 to 6.0 wt.0/0. (based on the ota^ 
wei^htTthJTomposltlon). preferably from 0.1 to 15 wt.oyb platinum or palladium, since this g«,es excel errt 
resSlts m aromatls^on. From 0.4 to 1.2 wt.cW) platinum is particularly preferred. Accordingly the inven«on 
provides a catalyst comprising the binder-free zeolite obtained by the process of this Invention and a 

"^^'^i^Lpr^S'ol the process of this invention may be used in a process for the conversfonjrf a 
hvdriirbon feed in which the feed Is contacted with a catalyst as described above under appropriate 
S^nSns to bSg abTut the desired conversion. They may. lor example be useful In reactions Jjvdvlng 
aromatisation anchor dehydrocycllsaflon and/or isomerisation and/or dehydrogenatlon reaction. They are 
SSSruseftSira prSess for the dehydrccyclisation and/or isomerisation of aliphatic hydrocarbons in 
^StX^c^^bonl^corit^cXea at a tempe'rature of from 370 to 600-C. preferably ^30 to 550-a^^^^^^ 
catalyst comprising zeolite L of the invention, and preferably incorporating at least one Group VI I metal having 
Sm^oSS activity, so as to convert at least part of the aliphatic hydrocarbons Into aromatic 

''?!,e'Spha«c hydrocarbons may be straight or branched chain acyclic Mro««to^ aj^ PaJ^ 
oaraffins such as hexane. although mixtures of hydrocarbons may also be used such as paraffin fractions 
Slnlnl^ran^cSies possibly with minor amounts of other hydrocarbons. Cycloallphatic hydrocarbon 
55 Th S me^hjcjclopentane may also be used, in a preferred embodiment the feed to a process or preparing 
aromatic hydrocarbons and partteulariy benzene comprises hexanes. The temperature of the cately^« reaction 
may be from 370 to 600° C. preferably 430 to 550°C and preferably pressures in excess of ahnospherio are 
S f or Sample up to 2000 KPa. more preferably 500 to 1000 KPa. Hydrogen Is employed in the formation of 
aromatic hydrocarbons preferably with a hydrogen to feed ratio of less than 10. 
60 The process is preferably othenwise carri d out In th manner d scribed In US 4104320. BE 888365. EP 
0040119. EP 0142351. EP 0145289 or EP 0142352. 
The Invention is now described by th the f Mowing Examples. 
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Example 1 „k»oi„«h h« the mixina of two solutions - Solution A and Solution B - and the 

s 

Solution A: Potassium aluinlnate solution: 

KOH pellets (87.3% purity) « 7.376 

Al(OB), powder (purity 98.6%) : 5.116 

Additional HjO i S.89 



The aluminium trioxide was dissolved by boiling and after cooling to ambient temperature the weight loss ^ 
due to evaporation of water was corrected. 



Solution B: CsCI 



CsCl (^99% purity) 



1.679 
15.00 



Additional HjO : 10.00 . 



Extrudates of silica-bound zeolite KL s .40.00 
(HjO content 0,5 wt % 



SiOj content 29.95 wt %) 



3S 



40 



2.89 K2O/0.50 CsCI/1.63 AleOa/IO SiOaVUI H2O. gg 
•Silica present as binder In the extmdate. 

Te^luSve was heated up over 6 hrs to 175-C and kept at this temperture for 65 hrs. 

Washing and drying; ^ i^st washwater was 9.3. The total 

conventional extrudates of about 1 .07 lb/mm (0.49 kg/mm). 

Properties of Extrudates: ^ * new 

T luene adsorption capacity at 30»C and at p/po - 0.28. 
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vt% toluene 



adsorbed desorbed 



9.06 



0.05 



micropore 
capacity 
9.01 



10 



IS 



20 



2S 



30 



3$ 



Chemical Analysis: Al 10.9 wto/o. K 13.4 wt<Vb 

^^X^fJ^m^^^ the product consisted ot pure zeolite L. the crystallinity increase versus the 

silica-bound KL extrudates was 2Wo. The apparent XRD-crystallinity increase was somewhat lower tharj In 
simiter synthesis in which no caesium Is used (30o/o increase). This is an Indication that the binder-free ^ 
contains caesium. Comparative diffractrograms of the starting silica-bound extrudates and of the bmder-lree 
oroduct are shown In Fig. 1a and 1b respectively. 

SEM (scanning electron micrographs) showed that the amoiphous sfllca rf^^v?™?!^^ 
into zeolite L. Comparative 10000 • SEM micrographs of the starting silica-bound e^trudrte and the 
binder-free material are given in Figs. 2a. b and c in which Fig. 2a shows the starting s"«'f-bo""J "^it^h 
extrudate with an enlargement of 10000. Fig. 2b shows the binder-free zeolite KL product extmdate with an 
enlargement of 10000 and Fig. 2o Is the same as Fig. 2b but with an enlargement of 20.000. 

^TnTis Ex ample binderfree KL extrudates In the presence of caesium were prepared In the two sj^thes^^ 
thrcs concentration was increased from0.50CsV10SIO2to1.00CsV108IO2 and the C8-80urce was C8CI in 

°"FortheTrep?attoil^^?h?firTw^^^ KL extrudate (X) the synthesis mixtures (weight reactants in 
grams) were: 



Solution A 



KOH pellets (86.8%) 
A1(0H)3 (98.61) 

Additional water 



13.903 
9.592 
30.87 
12.28 



aluninate 
solution 



40 



45 



SO 



Solution B 



CsCl powder (^99%) 



HjO 



6.304 
27.98 

Additional (rinsing) 18.47 
water 

Silica bound 75.00 
extrudates 



CsCl 
solution 



After cooling to ambient temperature Solution A was poured into a 300 ml stainless steel autodaw The 
55 beaker which contained the aluminate solution was rinsed with the additional water; this ^atenvas pou ed Into 
• the autoclave. The CsCl solution was poured into the autoclave together with the nnsing "^^l^^^^^^^^^^l^l 
the autoclave were mixed. Next the silica bound extrudates were added to the contents of the autoclave. The 
composition (moles) of the synthesis mbcture was: 

2.87 K2O/I.OO CsCI/1.62 AlaOs/IO SiOa/UI H2O .,«ronH»ho was held at 

60 The mixture was then crystallised with a heat up rate ot approx. 5 hours to 175»C and the mixture was held at 

^^Therl^ftw t!!i"e^date8 were prewashed with 600ml water, followed by 9 ^"rther washings^ The total 
amount of water was 3600 ml and total washing time 25 hours. Th pH of the last wash water «^ 9^. The 
extrudates were dried overnight at 150»C. and the weight of dry extixidates recovered was 87.1 grarfks. The 
65 weight Increas of starting Si-bound extrudates was 16.1*6. 
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XRD showed that the product ^^^'J^^^'^ jSJ^^^^^^ wasCsOH.H.O. In this synthesis 

was adjusted to give ^ 

akallnity (feO + Cs2O)/10 SlOi of 2.86. 
The preparation synthesis mixture (w ight r actants in grams). 



KOH pellets (86.8%) 
CsOH.HjO (2?99%) 
AKOHjj (98.6%) 

Additional (rinsing) 

water 
Silica bound 

extrudates 



11.419 
6.286 
9.596 

30.88 

59.94 
75.02 



potassium-caesium 
aluminate solution 



10 



16 



SO 



After coolinq solution A was poured into a 300 mi stainiess steel autoclave together with the rinsing water. 
AfifmixC^ corlLs of the autoclave the Si-bound extrudates were added. 
The composition (moles) of the synthesis ^ „ 2 86 

2.36 IQO/Q.50 CS20/1.62 AlaOa/IO S'Oe/l^^ ^^^^^^^^^ 
Themixturewasthencrystanisedwlthat^tuprateof^^ ^^^j,^^ 

zeolite L 



25 



30 



35 



Claims 40 
A p«»^ for prep-ng b^er-ftc J'Pf^'SS'bollSrrS^^ Sl^'o'SS; ' ' 

TrpSS':s.sw,rssrrxss««*-^ . 

'"3""Aw^SIS;o.l»»rolol*l»1«d2whe,.inth..,u.ou,«Jutlo„~^^^^ 
Soio3iOWOX»B1.00CtX/1.30toi50Al^;iOSW110» 

"?:AX«SSS^ilme.l««ln*.mtt,l.pl«ln».-orp-»««>ln»-™^ 
weight «Vb based onthe total weight of the catalyst. 



5(? 



55 



60 



65 



7 



EP 0323 892 A2 

hydrocarbon. 



10 



15 



20 



25 



$0 



35 



40 



45 



50 



55 



8 



EP 0323 892 A2 




EP 0323 892 A2 




EP 0323892 A2 




FIG.2Q 
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FIG.2C 
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@ Zeolite L 

@ Binder-free shaped particles of caesium-containing zeolite 
L-potasslum form (zeolite KLJ are made by a process which 
comprises fonnlng a mixture of shaped particles of silica-bound 
zeolite KL with an aqueous caesium-containing potassium 
aiumlnate solution and obtaining the desired binder-free 
shaped particles by crystallisation of the mixture. The shaped 
particles thus obtained can form part of a dehydrocydlsation 
and/or Isomerisation catalyst. 
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